In this article, the simulation and experimental results of millimeter-wave Coplanar Patch Antennas (CPAs) using spin-on low-k dielectric substrate are presented. The antennas are designed for the direct integration of millimeter-wave / optical devices of coplanar waveguide (CPW) output terminals. Benzocyclobutene (BCB) with dielectric constant 2.7 is selected as the low-k dielectric substrate of the antennas. The measured resonant frequency and impedance bandwidth (S11 < -10dB) are 38.3GHz and 2.6% respectively. The maximum gain of the antenna is 4.2 dBi at 38.7GHz. Stable radiation patterns across the pass band are achieved. Good agreement between the simulation and measurement has been obtained.
Introduction
In millimeter-wave circuit design, low-k dielectric substrates have more advantages than ceramic substrate (ε r = 9.8), such as RC time delay, power dissipation, and crosstalk. In this article, it is the first time to demonstrate that low-k dielectric substrate can be used in the fabrication of millimeter-wave CPAs, to achieve higher performance in impedance bandwidth and gain. BCB from Dow Chemical Co., which is used for the device fabrication in the semiconductor industry [1] [2] [3] , is selected. The low-k dielectric substrate is spun on the silicon wafer layer by layer using common semiconductor process; this fabrication technique makes multi-layer structure and monolithic integration easier.
Coplanar patch antennas (CPAs) [4] [5] have CPW input terminals; can directly connect to the CPW terminals of millimeter-wave / photonic devices, and reduce the insertion loss between connections. Low radiation loss, less dispersion and uni-planar configuration are the other advantages of using CPAs in the circuit design. Commercial EM simulation software is used in the antenna design stage.
Antenna Geometry and Semiconductor Fabrication Process
The geometry of a CPA is shown in Fig. 1 . The antenna composes of a gold ground plane at the bottom, two layers of BCB dielectric substrate (ε r = 2.7 tan δ = 0.002@20GHz) in the middle and a CPA pattern on the top. The total thickness of the BCB layer is 30 micrometers. Fluid state BCB is first spun onto a 3-inch ground plane evaporated silicon wafer. The deposition technique is similar to the commonly used photoresist coating technique. After spinning, the BCB layer will undergo baking. The spinning speed and time as well as the curing temperature control the final thickness of the film. Finally, the metal CPA pattern will be evaporated onto the BCB dielectric layer. The thickness of the ground plane and the CPA pattern are both about 1.5 micrometers.
Results and Discussion
Vector network analyser and a probe are used to measure the performance of the antennas. Both simulated and measured return losses of the millimeter-wave CPA are shown in figure 2. The simulated and measured impedance bandwidths are about 1.2% and 2.6% respectively. The measured resonant frequency of the antenna is 38.3 GHz. Figure 3 shows the gain of the antenna, a maximum gain of 4.2 dBi is obtained at 38.7 GHz. The radiation patterns of the antenna at 38 GHz are shown in figure 4 . The cross-polarization levels at the broadside direction is about -20dB in both planes. The symmetry of E-plane radiation patterns are distorted by the probe holder and the probe connected to CPW feed-line of the antenna.
From figure 2 and 3, good agreements can be observed between the simulation and measurement results. The simulated return loss and gain of a coplanar patch antenna using ceramic dielectric substrate (thickness = 30 micrometers) are also shown in the figures for comparison. 
Conclusion
This article has presented the simulation and measurement of the millimeter-wave CPAs using spin-on low-k dielectric substrate. Low-k dielectric substrate is first used in the design of millimeter-wave planar antennas. The CPW feed lines of the antennas make the integration to millimeter-wave / optical circuits easier. When the antennas using low-k dielectric substrate are compared with those using ceramic dielectric substrate, wider impedance bandwidth and higher gain can be achieved. The impedance bandwidth of the antenna is about 2.6% centered at 38.3 GHz. The maximum gain of the antennas was 4.2 dBi at 38.7 GHz and the radiation patterns were stable across the pass band. The cross-polarization level of the antenna was about -20dB. Good agreement between the simulation and measurement has been obtained.
